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SPECIFICATION 

Electronic Version 1.2.8 
Stylesheet Version 1 .0 

METHOD FOR ASSEMBLING 
MAGNETIC MEMBERS FOR 

MAGNETIC RESONANCE 
IMAGING MAGNETIC FIELD 
GENERATOR 

Background of Invention 

[0001] This invention relates to a magnetic field generator for an MRI, a method for 

assembling the same, and a method for assembling a magnet unit for the same. More 
specifically, this invention relates to a magnetic field generator for MRI incorporating 
permanent magnets, a method for assembling the same, and a method for assembling 
a magnet unit for the same. It will be appreciated, however, that the-invention is also 
amenable to other like applications for complex assembly of components exhibiting 
large interaction forces between the members to be assembled. 

[0002] A magnetic field generator for MRI uses permanent magnets. The magnets used in 
such an apparatus are often formulated from a plurality of magnet blocks. It is very 
difficult to place material blocks first and then magnetize each block. Therefore, in 
actual manufacturing, the blocks are fabricated and then magnetized. The magnetized 
blocks are then arranged on a plate yoke so that each of the magnet blocks has a 
same magnetic pole facing upward. Such arrangement on a plate yoke is difficult due 
to the interaction of the large magnetic forces between each of the magnet blocks. 

[0003] Conventionally, when placing the magnet blocks on the plate yoke, a surface of 

the plate yoke or magnet block is first applied with adhesive, and then magnet blocks 
are bonded or attached to the surface, as disclosed in the Japanese Patent No. 
2,699,250 for example. According to such a bonding method, upper surfaces of 
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respective magnet blocks bonded to the plate yoke surface are not flush with each 
other, making an uneven surface. A magnetic field generator incorporating the 
permanent magnets made of such magnet blocks is apt to produce non-uniform 
magnetic field between a pair of piece poles opposed to each other. Further, pole 
pieces for correcting the non-uniformity of the magnetic field may be tilted to 
produce non-uniformity in the magnetic field. Generally, after a step of mounting a 
pair of permanent magnets to oppose each other, a step of adjustment for uniformly 
distributing the magnetic field is indispensable. However, if the magnet blocks are 
mounted according to the above method, the non-uniformity of the magnetic field is 
so large that the adjustment becomes very time consuming. 

[0004] Further, according to the above method of bonding the magnet blocks, the 

magnet blocks each exhibiting very large magnetic forces is placed from above, onto 
the upper surface of the plate yoke, making extremely difficult to fit each of the 
magnet blocks snugly to adjacent magnet blocks. More specifically, when mounting, 
each magnet block is held with a face of predetermined magnetic pole facing upward. 
When the magnet block is brought above the other magnet block, which is already 
fixed onto the plate yoke, a pulling force is generated between the two. Further, when 
the two magnet blocks are brought in adjacency, a repelling force is generated 
between the two. Since the magnet block to be placed is under such intense forces, 
the magnet block must be firmly held for safety while being transported. For a 
conventional holding mechanism, it is very difficult to fit the magnet block snugly to 
the place of bonding efficiently against these strong forces. 

[0005] The pair of magnet units thus assembled as above is then opposed to each other 
so the permanent magnets are faced at one another at a predetermined distance. This 
is achieved by first assembling one magnet unit, then connecting one or more posts 
or a column yoke to the magnet unit, and finally connecting the other magnet unit to 
the post(s). 

[0006] 

The post(s) magnetically connect the pair of magnet units, and therefore must be 
made of a magnetic material. Thus, when the post is connected to the magnet unit, 
the post is brought under the pulling force from the magnet unit. This large force 
makes it difficult to connect the two plate yokes with the high accuracy. Likewise, 
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when the second magnetic unit is connected to the post already connected to the first 
magnet unit, it is also difficult to connect the two at a high accuracy. 

[0007] Another method to assemble a magnetic field generator is disclosed by 

EP0978727A2. In this patent, a non-magnetic fixed projection is place at the center of 
the yoke, with two orthogonal guide rails. The magnetic blocks are then slid into place 
and bonded to each other along the non-magnetic fixed projection and guide rails. 
This approach while adequate for its intended purposes is still cumbersome and 
requires additional special tooling. What is desired is a method for assembling the 
magnetic field generator to desired tolerances with a minimum of specialized tooling 
and assembly steps. 

Summary of Invention 

[0008] The above discussed and other drawbacks and deficiencies are overcome or 

alleviated by a magnetic field generator and method for assembling the same, for a 
magnetic resonance imaging system, the method comprising: establishing a layout for 
a permanent magnet of a magnet assembly comprising a pole piece, a ferromagnetic 
plate yoke and a permanent magnet. The method also includes populating the layout 
with a plurality of mock-up sticks and block retainers to form a mock layout for the 
permanent magnet; and installing a magnet block in place of at least one mock-up 
stick of the plurality of mock-up sticks. Installing the magnet blocks includes pushing 
the magnet block along a selected slot formed by the displacement of at least one 
mock-up stick of the plurality of mock-up sticks. 

[0009] The method of may also include repeating the abovementioned installing until 
each mock-up stick of the plurality of mock-up sticks is replaced by a plurality of 
magnet blocks. Additionally, the method may also include installing a pole piece 
positioning tool to facilitate location and placement of the pole piece on said magnet 
assembly. 

[0010] 

Also disclosed herein is a magnetic field generator for a magnetic resonance 
imaging system. The magnet field generator comprises a layout for a permanent 
magnet of a magnet assembly comprising a pole piece, a ferromagnetic plate yoke 
and a permanent magnet. The magnet field generator also comprises a plurality of 
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mock-up sticks and block retainers populating the layout to form a mock layout for 
the permanent magnet; and a magnet block installed in place of at least one mock-up 
stick of the plurality of mock-up sticks. The installation of the magnet block 
comprises pushing the magnet block along a selected slot formed by the 
displacement of the at least one mock-up stick of the plurality of mock-up sticks. 

[001 1] The above discussed and other features and advantages of the present invention 
will be appreciated and understood by those skilled in the art from the following 
detailed description and drawings. 

Brief Description of Drawings 

[001 2] Referring to the exemplary drawings wherein like elements are numbered alike in 
the several Figures: 

[001 3] FIG. 1 depicts an cutaway view of an exemplary MRI magnetic field generator 
assembly; 

[0014] FIG. 2 depicts a graphical representation of a mock layout with exemplary mock- 
up sticks and insertion of a magnet block; 

[001 5] FIG. 3 depicts an exemplary a pole piece positioning apparatus; 

[001 6] FIG. 4 depicts two views of an exemplary magnet block push tool configured with 
a field generator assembly; 

[001 7] FIG. 5 is a graphical representation depicting further magnet block insertion on a 
yoke plate in an exemplary embodiment; 

[001 8] FIG. 6 is a graphical representation of an exemplary process depicting a complete 
layout and assembly of all the permanent magnet blocks; and 

[001 9] FIG. 7 depicts a completed magnet assembly. 

Detailed Description 

[0020] Disclosed herein is another method and system for assembly of a permanent 
magnet such as employed in a magnetic field generator for MRI. The method and 
system employs a series of gliders and rails to guide a plurality of magnet blocks into 
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a desired position on a yoke plate. It should be noted that although the disclosed 
embodiments are described by way of reference to assembly of a magnetic field 
generator for MRI applications, it will be appreciated that such references are 
illustrative only and the disclosed embodiments may be applied to any instance of 
assembly where there are large interaction forces between the elements to be 
assembled. Moreover, the references and descriptions herein may apply to many 
forms of assembly beyond magnets and magnetic blocks. 

[002 1 ] Referring first to Fig. 1 , a magnetic field generator for MRI 1 0 as an embodiment 
of this invention comprises an upper magnet unit 1 1 and lower magnet unit 1 2. Each 
of the magnet units 1 1 and 1 2, includes, but is not limited to, a plate yoke 1 4. Each of 
the plate yokes 14 has a surface opposed to the other plate yoke, and this surface is 
provided with a permanent magnet 16, on which a pole piece 18 is provided. Each of 
the permanent magnets 1 6 includes a plurality of magnet blocks 20. Each of the 
magnet blocks 20 of the magnet unit 1 2 is fitted with adjacent ones, with a same 
magnetic pole facing the upward. On the other hand, each of the magnet blocks 20 of 
the magnet unit 1 1 is fitted with adjacent ones, with the other magnetic pole facing 
downward. In other words, the permanent magnet 16 of the magnet unit 12 and the 
permanent magnet 1 6 of the magnet unit 1 1 are faced to each other so that different 
magnetic poles are opposed to each other. 

[0022] The magnet blocks 20 may be a magnet made from a ternary system compound 
Nd-Fe-B composed mainly of neodynium (Nd), iron (Fe) and boron (B). Alternatively, 
part of Nd of the Nd-Fe- B may be replaced by dysprosium (Dy) while part of the Fe 
may be replaced by cobalt (Co). The Nd-Fe-B is known as a strong neodynium 
magnetic material with a maximum energy product of over 320 kj/m 3. It should be 
noted here that a method for making a rare earth magnet is disclosed in detail, for 
example, in the United States Patent No. 4,770, 723. 

[0023] The pair of opposed magnet units 1 1 and 1 2, are supported and magnetically 

connected by one or more posts 22, with a selected space in between, for example 40 
cm to 60 cm. With such a structure, the magnetic field generator 10 is configured to 
form a uniform magnetic field in a space between the pair of pole pieces 18. 

[0024] Now> f or t he above magnetic field generator 1 0, description will be made as to a 
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method for assembling the permanent magnet 1 6 by placing a plurality of magnet 
blocks 20 in a generally disc pattern on an upper surface of the plate yoke 14. Each of 
the magnet blocks 20 used in this embodiment includes a plurality (eight, for 
example) of magnet members. The magnet member is made by pressing and sintering 
magnetic powder into a general cube having the side of 4 cm to 1 5 cm. Then the 
plurality of magnet members are bonded with each other and magnetized. 

[0025] Referring to FIG. 2, a plurality of mock-up sticks 24 are fabricated to selected 

lengths with non-magnetic materials such as aluminum, stainless steel and plastics. 
The size of each mock-up stick 26 of the plurality of mock-up sticks 24 is essentially 
the same as the real magnet blocks 20 but with slightly larger width, for example, 
about 0.2mm larger and of a selected length. Each mock-up stick may comprise one 
or more mock-up blocks 25. To facilitate the assembly process for the permanent 
magnet 1 6, the assembly is initially "fabricated" employing the set mock-up sticks 24 
laid out in parallel to populate the area for the permanent magnet 1 6. In an exemplary 
embodiment, each of the mock-up sticks 26 is configured to be essentially the same 
cross section as a magnet block 20 with a length preferably approximately as long as 
a particular selected column of magnet blocks 20 on the yoke plate 14. Once again, it 
should be appreciated a mock-up stick 26 may comprise a plurality of mock-up 
blocks 25 laid out end to end to formulate a "stick". Employing the plurality of mock- 
up sticks 24, laid out in a parallel, side-by-side, sequential fashion to form a 
complete mock layout 30 of the permanent magnet 1 6 may be created as depicted in 
FIG. 2. In an exemplary embodiment, it will be appreciated that each mock-up stick 
is configured to be of maximum length and therefore, the complete mock layout 30 
comprises a single row of mock-up sticks 26 laid out side by side. FIG. 2 depicts such 
an exemplary configuration for the mock layout 30. 

[0026] j^Qck layout 30 is configured on the yoke plate 14 such that with the plurality 

of mock-up sticks 24 and plurality of block retainers 28 in place, a (which may include 
more than one) mock-up stick 26 may be removed or displaced leaving behind a slot 
32 comprised on the sides of the two adjacent mock-up sticks 26 and on the bottom 
(or top) by the plate yoke 14. The block retainer 28 may include, but not be limited to, 
a block or clamp apparatus. The plurality of block retainers 28 are arranged over the 
perimeter of the magnet unit (1 1 or 1 2) and detachably fixed to the yoke plate 14 in a 
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manner that facilitates assembly such as with a fastener, keeper, or adhesive. The end 
of the slot 32 may be constrained by a block retainer 28 or the block retainer may be 
removed to facilitate assembly. The remaining slot 32 may now act as a set of guides, 
into which, a series of magnet blocks 20 may be sequentially slid with relative ease 
and accuracy. Advantageously, because the mock-up sticks 26 are made of non- 
magnetic materials, there is no magnetic interaction forces among the mock-up sticks 
26 and the yoke plate 1 4, the pole piece 1 8, or other elements of the magnetic field 
generator 10 involved in this process. The assembly process is therefore relatively 
easy and conventional. The magnet blocks 20 and other components can be located 
as accurately as needed to maintain the desired assembly tolerances for the magnet 
units 1 1 and 1 2. Therefore, with removal/displacement of a first mock-up stick 26, 
subsequent magnet blocks 20 may be inserted specifically denoted in Figure 3 and 
discussed further herein. 

[0027] Turning now to FIG. 3, a pole piece positioning apparatus 50 is mounted between 
magnet pole pieces 1 8 of upper magnet unit 1 1 and lower magnet unit 1 2. The 
function of this apparatus is to keep pole piece 1 8 in accurate radial position but to 
allow establishing a small axial gap between pole piece 1 8 and mock-up sticks 26 
and/or magnet blocks 20 and thereby allowing the magnet assembly process to 
continue without interference from the pole piece 1 8. The pole piece positioning 
apparatus 50 also eliminates possible movement of pole piece 1 8 due to magnetic 
forces during magnet block 20 insertions. 

[0028] Turning now to FIG. 4, a exemplary apparatus for insertion of the magnet blocks 
20 is depicted. Shown in the figure is a magnet block pusher 60 configured so that it 
may be aligned with each of the magnet units 1 1 and 1 2 in a manner that facilitates 
sliding individual magnet blocks 20 into the mock layout 30. In an exemplary 
embodiment, the block retainers 28 are removed from the yoke plate 14 and the 
magnet blocks 20 are magnetized and then placed on a magnet block pusher 60 for 
insertion. It will be appreciated that the magnet block 20 is configured to be 
approximately 0.2 mm smaller width than mock-up stick 26, and therefore the 
magnet block 20 may be readily pushed into the mock layout 30 displacing a mock- 
up stick 26 and following the trajectory of mock-up stick 26 into the magnet unit 1 1 , 
12. 
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[0029] After a first magnet block 20 is pushed into mock layout 30, a second magnetized 
magnet block 20 is put on magnet block pusher 60 and pushed into mock layout 30 
next to first magnet block 20. In an exemplary embodiment, the size and geometry of 
magnet blocks 20 are configured so that the friction force between iron plate yoke 14 
and other permanent magnet blocks 20 is larger than the magnetic repelling force of 
two magnet blocks 20 positioned next each other. Therefore, it is not necessary to 
apply adhesive between two magnet blocks 20 to secure them. Other embodiments 
may be employed perhaps utilizing larger tolerances in the assembly and employing 
adhesives or epoxies as required to retain the assembly. 

[0030] This feature of an exemplary embodiment eliminating the need for adhesives 

provides significant advantages in that it facilitates rework of the magnet assembly 
should it be necessitated. For example, should a damaged magnet block 20 require 
removal, because no adhesives are employed between the magnet block or the 
magnet blocks and the yoke plate 14, the assembly process may be essentially 
reversed. The damaged magnet block removed, and replaced with a new one. 

[003 1 ] B y re p ea ting the above process, a whole column of one or more of the non- 
magnetic mock-up blocks 24 are replaced by column denoted by 34 of real 
permanent magnet blocks 20 as depicted in FIG. 5. After this operation is completed, 
the block retainers are reinstalled to secure the positions of this particular column 34 
of permanent magnet blocks 20. Turning now to another column once again, 
comprising one or more mock-up sticks, another magnetized magnet block 20 is put 
on magnet block pusher 60 and pushed into mock layout 30, this time in another slot 
formed by the removal or displacement of a mock-up stick 26. Once again, by 
repeating the above process, a whole column comprising at least one non-magnetic 
mock-up stick 26 is replaced by second column denoted in this instance by 36 of real 
magnet blocks 20. It will be appreciated, that in an exemplary embodiment, the first 
column 34 and second column 36 are adjacent to one another such that the slot 
formed by the removal /displacement of the mock-up stick 26 is comprised, in this 
second instance, on one side by another column of at least one mock-up stick 26, on 
the other side by the first column 34 of magnet blocks 20 and on the bottom (or top) 
by the plate yoke 1 4. With the same process, each of subsequent mock-up sticks 26 
are replaced, forming subsequent third, fourth, and fifth columns e.g., 38, 40, and 42 
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respectively, of permanent magnet blocks 20. Figure 5 depicts a partially complete 
assembly of permanent magnets 20. Finally, with the same process, each of 
subsequent columns of at least one mock-up stick 26 are replaced, forming the 
complete layout of the permanent magnet 16. Figure 6 depicts the complete layout 
and assembly of all the permanent magnet blocks 20. 

[0032] It will be appreciated, that it may be necessary to leave some locations in the 

magnet 1 6 unoccupied by magnet blocks 20 to provide a means for securing the pole 
piece 1 8. In an exemplary embodiment, a magnetic or non-magnetic spacer/insert 44 
is inserted at selected intervals with the magnet blocks 20 to ensure access for a 
fastener. As is evident from observation of FIG. 5, certain column e.g., 34, 36 may 
require insertion of inserts 44, as well as combinations of various sizes of magnetic 
blocks to achieve the desired layout. Looking to columns 34, and 36 for example, 3 
magnet blocks 20 of approximately one half the length of most other magnet blocks 
are employed at selected intervals to facilitate the depicted layout. 

[0033] Finally, to complete the magnet assembly, after all mock-up sticks 26 are replaced 
by magnet blocks 20 the permanent magnet 1 6 is complete. The top and bottom pole 
pieces 1 8 may be engaged to the original position from pole piece positioning tool 
mating with the permanent magnets 1 6 and the task of permanent magnet assembly 
is completed. FIG. 7 depicts the completed assembly. 

[0034] While the invention has been described with reference to a preferred embodiment, 
it will be understood by those skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without departing from the scope 
of the invention. In addition, many modifications may be made to adapt a particular 
situation or material to the teachings of the invention without departing from the 
essential scope thereof. Therefore, it is intended that the invention not be limited to 
the particular embodiment disclosed as the best mode contemplated for carrying out 
this invention, but that the invention will include all embodiments falling within the 
scope of the appended claims. Moreover, the use of the terms first, second, etc. do 
not denote any order or importance, but rather the terms first, second, etc. are used 
to distinguish one element from another. 
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